Despite the large number of techniques available for the transformation of bacteria, several species are still resistant to the introduction of foreign DNA. Oenococcus oeni are among the organisms that are particularly refractory to transformation. However, conjugal experiments from Lactococcus lactis to O. oeni with a new plasmid, pGID052, were performed via mobilization with success. This plasmid, a derivative of pORI19, encompasses: (i) the oriT of pIP501, which permitted the transfer to O. oeni, (ii) the replication genes of a native Leuconostoc citreum plasmid. Frequencies of 10 À7 conjugants per recipient were found. The transfer did not affect the structure of this low-copy-number plasmid. Moreover, pGID052 seems segregationally stable and could be used in the future as an expression vector.
Introduction
Oenococcus oeni, formerly called Leuconostoc oenos [1] , is a lactic acid bacterium most often responsible for malolactic fermentation in wine and tolerant to various stresses. O. oeni, which is introduced into starter cultures, is able to grow after alcoholic fermentation in acid conditions and in the presence of high ethanol concentrations. The study of the stress tolerance of O. oeni [2] or other interesting pathways [3] [4] [5] could be useful for a better understanding of malolactic fermentation. Despite the increase in the molecular studies on this species, like the characterisation of the expression pattern of several stress genes [6] [7] [8] [9] , analyses were hampered due to the lack of a genetic transfer tool. Transformation by electroporation of O. oeni has been described [10] but the described procedure appeared to be difficult to reproduce. Two studies have dealt with conjugal transfer in O. oeni [11, 12] . These works have set up methods and parameters to obtain reproducible conjugal frequencies. However, even if two conjugative transposons (Tn916 and Tn925) or plasmids of the family pAMb1/pIP501 were transferred, they could be used only in particular cases. Indeed, the transposons were not integrated randomly [11] and the plasmids pIP501 and pVA797 presented structural instability and were too big for easy genetic manipulation [12] . To our knowledge, no suitable vector allowing genetic study has been developed for O. oeni until now. In order to set up such a method, conjugal transfer in O. oeni was investigated with particular attention to the transferred plasmid. The present study reports the development of a new plasmid, called pGID052, transferred with success by mobilization from Lactococcus lactis to O. oeni.
Materials and methods

Bacterial strains
The bacterial strains and plasmids used in this study are listed in Table 1 . The O. oeni recipient strains were grown on FT80 medium modified by addition of meat extract instead of casaminoacids (pH 5.3) at 30°C [13] . The donor strains were grown on M17 medium [14] in which glucose (5 g l À1 ) replaced lactose at 30°C for Lactococcus lactis or 37°C for Enterococcus faecalis. Media were supplemented as necessary with antibiotics added to the following final concentrations: chloramphenicol 5 lg ml À1 , vancomycin 20 lg ml À1 , lincomycin 20 lg ml À1 and erythromycin 20 lg ml À1 .
Mating procedure
Mating experiments between donors and O. oeni were performed on solid surface as described previously [11] , with the following modifications: the medium for culture of recipient strains was the modified FT80 (FT80m) broth. The mating filters were placed on non-selective FT80m agar plates and incubated 4 h at 30°C. Transconjugants were selected on FT80m agar plates containing vancomycin, used for O. oeni selection, and erythromycin/lincomycin, used for transferred plasmid selection. Recipient CFU counting was done on FT80m supplemented with vancomycin and donor CFU on M17 plates with erythromycin and lincomycin. Transfer frequencies are expressed as the number of transconjugants per recipient colony forming unit (CFU) after the mating period.
Plasmid segregational stability
Transconjugants strains were grown at 30°C in the presence of erythromycin, lincomycin and vancomycin as selective antibiotics. The segregational stability of pGID052 plasmid under non-selective conditions was tested. Each 24 h, the overnight culture was diluted 1:70 into fresh, antibiotic-free FT80m broth to determine plasmid stability during continuous exponential growth phase. At 48 h intervals (corresponding to approximately 12 generations), samples were removed and dilutions were spread plated for single colonies onto selective and non-selective FT80m agar. The same procedure was repeated until 100 generations were reached.
DNA procedures
Genomic DNA was extracted according to the method described by Sambrook et al. [15] . The Alkaline lysis was used for plasmid extraction [16] . In both cases, samples were pre-treated with 20 mg ml À1 lysozyme for 30 min at 37°C. Restriction enzymes were purchased from Invitrogen.
The amplifications of DNA were performed by PCR technique using Taq polymerase (Qbiogen) and a Electroporation of L. lactis was performed using a Bio-Rad Gene Pulser apparatus as described by Platteeuw et al. [17] .
Southern hybridizations were performed as described by Sambrook et al. [15] . DNA was separated in a 0.8% agarose gel. The nucleic acids were transferred to NytranN membranes (Schleicher and Schuell) by capillarity. The probe was obtained by pGID052 plasmid extraction from E. coli and digestion by EcoRI. The probe was radiolabelled using a Random-primer DNA labelling system kit (Invitrogen) with [a-
32 P]dATP purchased from Perkin-Elmer.
Cell preparation and electroporation of O. oeni
O. oeni 8413 was inoculated into 500 ml FT80m broth supplemented with 0.4 M sorbitol and 1% glycine and incubated at 30°C to OD 600 ¼ 0.4. The cells were harvested by centrifugation, washed four times with 500 ml of sterile incubation buffer (5 mM potassium phosphate, 1 mM MgCl 2 , 4 M sorbitol and 10% glycerol, pH 4.8). Then, the cells were gently resuspended in 0.5 ml of buffer (10% P.E.G. 3000, 10% glycerol) and 100 ll of the solution was mixed together with 1 lg of plasmid DNA, transferred to a sterile 2-mm Gene Pulser cuvette (Eurogentec) and left on ice for 30 min. Electroporation was performed with a Bio-Rad pulse gene controller (25 lF, 200 ohm at 1600 V cm À1 ). The cells were immediately rescued into 0.5 ml of FT80m supplemented with 0.4 M sorbitol and incubated for 2 h at 30°C and plated onto FT80m containing erythromycin and lincomycin.
Relative-copy-number determination
Genomic DNA was diluted in sterile water and 5 ll of each dilution was added to 20 ll of PCR mixture, which contained 12.5 ll of Master mix (Eurogentec), 1 ll of each primer at 7 pM and 5.5 ll of sterile water. Appropriate primers (Table 2) were designed to amplify and quantify specific plasmidic and chromosomal DNA fragments in a real-time PCR assay. Table 2 Primers used in this work 
Chromosomal genes of each strain were chosen as reference (Table 2) in the real-time PCR assay. Amplifications were performed on a Biorad-I-Cycler with the SYBR Green Ò system. Thermal cycling conditions included the following steps: initial denaturation at 95°C for 10 min, followed by 45 cycles of 95°C for 15 s and 60°C for 30 s. Fluorescence measurements were recorded during each annealing step. Assays were duplicated and three dilutions of DNA were used for C T determination. The specificity of real-time PCR for each primer pair was determined with a melting curve. For each primer pair, the efficiency of real-time amplification was determined by running a standard curve with three dilutions of DNA. A PCR that amplifies the target sequence with 100% efficiency (E) can double the amount of PCR products in each cycle. The efficiency E is calculated by the formula E ¼ ½10 ð1=ÀsÞ À 1 Â 100 where s is the slope of standard curve. The results were calculated using the comparative critical threshold (DC T ) method in which the amount of target DNA is compared to a reference DNA.
The pLC22R and pGID052 nucleotide sequences reported in this paper have been submitted to EMBL/ Genbank databases under Accession Number AJ493278 and AJ628448 respectively.
Results and discussion
Conjugal transfer of pIP501 to O. oeni
The group of pAMb1 and the pIP501 plasmid have been shown to conjugate with a wide variety of lactic acid bacteria, particularly with Leuconostoc [18] or very recently with Oenococcus [12] . Mating experiments were first performed from Enterococcus faecalis and Lactococcus lactis to ten different strains of O. oeni to make a selection. In the two species, whose could be used as donors, the plasmid pIP501 was demonstrated to be able to replicate [18, 19] . Each conjugation was carried out two to four times. After filter mating, potential transconjugants were selected on plates containing vancomycin, lincomycin and erythromycin. The selection with these antibiotics allowed us to eliminate the spontaneous mutants. No erythromycin or lincomycin resistant mutants were obtained in control assays. Likewise, no vancomycin-resistant mutants were obtained with donor cells. Frequencies obtained in case of transfer from E. faecalis to O. oeni were given in Table 3 , confirming that there is some variability between different strains of O. oeni. Frequencies of the same order were obtained with L. lactis as the donor strain (data not shown). Only the strains with frequencies higher than 10 À7 conjugants per recipient were used for further conjugation experiments. Among the 10 strains, strains 8413, 8417, GM and M1 had such frequencies. For these four strains, conjugations were done four times. These frequencies were close of which found in other studies by conjugation in Leuconostoc sp. [18] and O. oeni [11, 12] .
It could be noted that frequencies drop dramatically when the optical density, that is to say the age of the culture, exceeded 0.3 at 600 nm, as described by Zuñiga et al. [11] . Evidence for transfer of the antibiotic resistant plasmid in O. oeni transconjugants was confirmed by PCR. Amplifications by PCR with specific primer pair of pIP501 nickase gene (Accession Number AJ628448) and specific primer pair of O. oeni hsp18 gene [20] have been obtained on randomly presumptive conjugants (data not shown). The segregational stability of the plasmid was analysed by growing O. oeni transconjugants in antibiotic-free medium, then by counting viable cells and determining percentages of resistant cells. This plasmid exhibited instability, whose loss rate could be calculated as described by Boe and Rasmussen [21] . The plasmid loss rate is described as the probability of a cell division of a plasmid-carrying cell resulting in the birth of a plasmid-free daughter cell and a plasmidcarrying daughter cell. We found a plasmid loss rate of approximately 19%, which confirmed the instability of pIP501 in O. oeni as described by Zuñiga et al. [12] . This data was also in accordance with the study of Thompson and Collins in Streptococcus sp. [22] , in which regions of spontaneous deletions were identified in pIP501.
Construction of a new shuttle vector pGID052
In order to overcome the limits of size and instability of the pIP501, the construction of a tool for the genetic transfer in O. oeni was performed. As shown in first section, the oriT of pIP501 could be used for conjugation with Oenococcus. A synthetic 49 bp oriT site of pIP501, described by Wang and Macrina [23] , was created by annealing two oligonucleotides (5 0 -AATTC-CCGGGTACTAAGGGCGCACTTATACGCAGTA-ACTTCGTTACTTCGTATTTATCCCGG-3 0 and 5 0 -GATCCCGGGATAAATACGAAGTAACGAAGTT-ATCCCGGGATAAATACGAAGTAACGAAGTTA-CTGCGTATAAGTGCGCCCTTAGTACCCGGG-3 0 ). This fragment was cloned into EcoRI-BamHI restricted pUC19 giving the plasmid pGID700. The oriT region of plasmid pGID700 was isolated by a SmaI restriction and then inserted into StuI digested pORI19 to give pGID701. Therefore, Plasmid pGID701 could be mobilizable by a plasmid of the family pAMb1/pIP501 [23] . The choice of the plasmid pORI19, a conditional replication vector, was justified by its ability to be replicated via rolling-circle type in an Escherichia coli EC101 strain. This latter is a helper strain in which the repA gene was integrated into the chromosome of the E. coli JM101 strain [24] . On the other hand, we took advantage of the fact that Leuconostoc and Oenococcus are linked phylogenetically. To increase the ability to have transconjugants, a DNA fragment from a native plasmid of Leuconostoc citreum was used. This plasmid, called pLC22R, was completely sequenced, revealing a circular genome of 9935 bp with a total G+C content of 33%. The nucleotide sequence has been submitted to EMBL/Genbank databases under Accession Number AJ493278. The sequence analysis enabled us to identify two ORFs, which showed high identity to a family of known replication genes. Indeed, the deduced products of the two genes shared significant amino acid sequence similarities with replication proteins encoded by plasmids from other Gram-positive genera, including a large number of lactococcal plasmids related to pJW565 [25] . These plasmids replicate via theta mechanism. The first ORF, called repB, shared high identity with RepB protein, an initiator of plasmid replication. The function of the following gene, named orfX, is still unknown but could be related to replication. Finally, a non-coding region, repA, containing the proposed origin of replication, precedes the repB gene. The region repA contained an AT-rich domain followed by a 22-bp iterons, sequence tandemly repeated three and a half times. Thus, a large fragment of 3.38 kbp encompassing replication region of pLC22R containing repA, repB, and orfX was inserted into pGID701 to give pGID052. This shuttle vector retains the following properties: (i) its size of 5.66 kbp, (ii) its double selection by erythromycin and lincomycin (iii) its mobilization by a plasmid of pIP501/ pAMb1 family and (iv) its replication via rolling circle in E. coli or via theta mechanism in Oenococcus. The map of this plasmid is given in Fig. 1. 
Conjugal transfer of pGID052 to O. oeni
In order to test mating experiments with the pGID052 plasmid, a conjugative plasmid is necessary to mobilize pGID052. L. lactis DG52 harboring the conjugative plasmid pVA797 was chosen as donor since the pIP501 could not be used for mobilization because it possesses the same antibiotic resistance marker as pGID052. On the contrary, pVA797 plasmid is useful because it only contains a chloramphenicol resistance gene [26] . This strain was used as the donor for the mating experiments with two O. oeni strains, named 8413 and 8417. The 8413 O. oeni strain contains at least one plasmid, called pLo13, from which the replication type was different from the plasmid pGID052. Features commonly found in plasmids that replicate via a rolling-circle mechanism were identified within pLo13 [27] . The replication of pGID052 in Oenococcus was certainly due to the fragment encompassing the replication region of pLC22R. As described above, this latter might replicate via theta mechanism. In addition, to overcome the eventual problem due to plasmid incompatibility, the strain 8417 was used since it does not contain any plasmid [28] . Each conjugation by mobilization was repeated four times. The frequencies were about 10 À7 transconjugants for 8413 and 8417 strains (Table 3) . These frequencies were close to those obtained with pIP501.
Amplifications by PCR with two primer pairs specific to pGID052 (Accession Number AJ628448) and one specific to O. oeni hsp18 gene [20] were obtained (data not shown). Physical evidence of the presence of pGID052 in O. oeni transconjugants was shown by analysis of the restricted plasmid content by agarose gel electrophoresis (data not shown). Southern hybridizations of PstI or EcoRI-restricted genomic DNA ( Fig. 2(a) ) or plasmidic DNA (Fig. 2(c) ) from transconjugants chosen randomly, with pGID052 plasmid as a probe, were realized. Neither chromosomal insertion nor sizeable deletions of pGID052 were detected. The pGID052 plasmid seemed to be stable in the recipient strain, since the transconjugants retained erythromycin and lincomycin resistant phenotype after growth in antibiotic free FT80m for 100 generations. A Southern blot experiment has been realized with restricted DNA extracted from cells after growth in antibiotic-free medium. The results showed that the plasmid was detected without detectable size change (Fig. 2(b) ). The second band obtained with digested pGID052 plasmid extracted from E. coli corresponded to single-strand DNA and was due to rolling-circle replication. This phenomenon has already been described in the case of plasmids of the pWV01 family [29] .
Extractions of plasmid DNA from O. oeni yielded very few quantities of DNA, suggesting that the copy number of the plasmid was low in that host. To determine it, quantitative real-time PCR was used.
This method enables to quantify accurately any DNA sequence to any other. In our case, the number of plasmid was compared to the number of chromosome thanks to amplifications of specific fragments DNA. First, it has been verified that different chromosomal primers pair (Table 2) gave the same C T in L. lactis, E. faecalis and O. oeni. Second, the copy number of plasmid was obtained by calculating the 2 DC T between chromosomal amplifications and plasmidic amplifications. For each strain, amplifications were made twice from DNA extracted from two independent cultures. To verify correlation between results with hybridizations and real-time PCR, the pVA797 and pIP501 copy number were determined in L. lactis and E. faecalis with specific primers pair ( Table 2 ). The pVA797 was found at about four copies in L. lactis while pIP501 at about three copies in E. faecalis. These results were similar to those previously obtained by Evans and Macrina in Streptococcus sanguis [26] .
Amplifications of pGID052 were made with primer pairs indicated in Table 2 . This plasmid is maintained at four copies in L. lactis while it is estimated at around one copy in O. oeni. Interestingly, pGID052 is a verylow-copy number plasmid in both L. lactis and O. oeni strains and it will be used as expression vector for studying accurate promoter activities in vivo thanks to transcriptional fusions [30] . As pGID052 was shown to be transferred and could replicate in O. oeni, we have tried to transfer this plasmid by electroporation as described in Section 2. Unfortunately, all attempts to introduce plasmids into O. oeni using electroporation protocol were unsuccessful. This could be due to the presence of a restriction system in O. oeni. Indeed, during conjugative transfer of plasmids between bacteria, DNA is transferred in the single-strand form. This would suggest that transfer by conjugative means should be little affected by restriction-modification system. Moreover, it has been shown that for Gram positive bacteria like Clostridium difficile, conjugation experiments but not electroporation, allowed genetic transfer [31] . Therefore, the mobilization procedure reported in this paper could be very useful for this species.
In conclusion, the plasmid pGID052 has been shown to be helpful for genetic transfer in O. oeni. Ongoing studies will focus on the use of a shuttle vector derived from pGID052 to allow analysis of gene regulation by transcriptional fusions in O. oeni.
